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A PUMPING SYSTEM 

[0001] This invention concerns improvements in or relating to 
pumping systems and in particular has reference to pumping 
systems having essentially no moving parts. 

[0002] In our co-pending UK International Patent Application No 
PCT/GB2003/004400 wherein there is described a pump in which 
the motive force is provided by the use of a condensable fluid, 
e.g. steam, introduced into a through-housing open at each end, 
the fluid to be pumped being induced through the housing by the 
condensable fluid which possesses such properties that a 
supersonic shock wave is created and upon condensation of the 
steam an implosive force is generated giving rise to momentum 
transfer and therefore impulsive thrust to the working fluid to be 
pumped. Since no moving parts are involved in the pump per 
se its operation is not adversely affected by extraneous influences 
or contaminatory material which would cause damage in 
conventional pumping mechanisms. However, since there are 
no moving parts it is necessary to provide an easy way of 
initiating operation of the pump. 

[0003] An object of the present invention is to provide an improved 
pumping system whereby the start-up of the system is facilitated. 

[0004] According to a first aspect of the invention, there is provided 
a pumping system comprising a fluid flow line including a pump 
having a hollow body provided with a straight-through passage of 
substantially constant cross section, an inlet at one end of the 
passage and an outlet at the other end of the passage for the entry 
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and discharge respectively of a working fluid, a nozzle 
substantially circumscribing and opening into said passage 
intermediate the inlet and outlet ends thereof, an inlet 
communicating with the nozzle for the introduction of a 
5 condensable transport fluid, a mixing chamber being formed 

within the passage downstream of the nozzle, the nozzle being so 
disposed and configured that in use a supersonic shock wave is 
created within the mixing chamber by the introduction of the 
transport fluid, and pressure relief means associated with the 
10 fluid flow line actuable for ,the purpose of system start-up 

whereby pressure is modulated so as to provide a desired 
pressure gradient across the pump. 

[0005] According to a second aspect of the present invention a 
15 method of start-up for a pumping system according to the first 

aspect includes the steps of introducing the transport fluid to the 
nozzle to effect energy transfer to the working fluid, actuating 
pressure relief means to reduce pressure across the pump thereby 
to facilitate start-up by modulating the pressure prevailing within 
20 the fluid flow line whereby flow of the working fluid is induced 

through the passage, and deactivating the pressure relief means 
upon attainment of a desired pressure gradient across the pump. 

[0006] The pressure relief means is conveniently provided to reduce 
25 the pressure head in the fluid flow line of the pumping system 

whether it operates on negative upstream pressure, positive 
downstream pressure or equalised pressure. 

[0007] The pressure relief means may be in the form of a uni- 
30 directional valve disposed upstream of the inlet to the passage 
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which in practice by dint of its function enables the attainment of 
the desired pressure gradient across the pump. 

[0008] Advantageously the transport fluid may be a condensable fluid 
5 such as steam which condenses during contact with the working 

fluid being pumped through the system and implodes causing low 
pressure conditions which enhance the suction effect and thus 
thrust of working fluid through and from the pump. In this 
connection the contents of our co-pending PCT Application 
10 hereinbefore mentioned are imported into this specification as 

appropriate whereby the explanation of the pump configuration 
and its mode of operation is set out in detail. 

[0009] The provision of the uni-directional or one-way valve 
15 upstream as defined lies in its function during start-up in that the 

initial introduction of the transport fluid can give rise to a back- 
flow thereof towards the inlet of the pump. The action of the 
uni-directional valve is to prevent such back-flow and to allow 
the build up of the pressure flow of the transport fluid in the 
pumping direction. Once the parametric conditions have reached 
an appropriate level the uni-directional valve automatically opens 
and the working fluid is drawn therethrough. 

[0010] In a modification of the invention there is provided a further 
pressure relief means, e.g. in the form of a second uni- 
directional valve, located downstream of the nozzle adapted to 
allow flow in the downstream direction only. In the case where 
the transport fluid is a condensable fluid this second valve 
performs a dual function in that during start-up it permits 
condensation of the condensable fluid thereby generating a 
vacuum condition causing the upstream uni-directional valve to 
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open thus initiating flow through the pump and also prevents any 
flow back of fluid extraneous to the pump. 

[0011] In a further modification of the pumping system of the present 
5 invention the pressure relief means is provided in the form of a 

by-pass for the fluid flow line and arranged as between 
downstream and upstream sides of the pump in the circumstance 
of an expected large back-pressure on the pump or large inertial 
losses in the pressure head pipework to overcome, to enable the 

10 initiation of flow through the pump during start-up. The by- 

pass may be constituted by suitable piping and provided with a 
valve for the control of flow therethrough. Any transport and 
working fluid mixture passing through the by-pass may be 
exhausted to atmosphere or fed to the upstream or suction side of 

15 the pump. 

[0012] In a still further embodiment pressure relief means in the 
form of a bleed or suction pipe is provided for a priming fluid to 
prime the pump on the suction side during start-up or indeed 
continuously in the event that the working fluid burden on the 
pump is significant. For example the working fluid may be a 
fluid with high viscosity or it may be a mixture of gas, e.g. air, 
and a liquid and in these instances the provision of a priming 
fluid during start-up would prove advantageous in initiating flow 
through the pump. A continual or continuous bleed of such 
priming fluid may also be contemplated in the event that 
maintenance of the pumping rate becomes difficult by virtue of 
the working fluid properties. The priming fluid may be of any 
suitable type and from a convenient source, preferably in liquid 
form. The priming fluid may be water or any other liquid 
compatible with the pumping system of the invention and 
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environmental regulations. The priming fluid may be a treatment 
fluid, for example a dispersant or a diluent. The priming fluid 
may the same type of fluid as the working fluid. 

5 [0013] In another embodiment of the present invention the pressure 

relief means may be constituted by a header tank and priming 
fluid may be provided from the header tank which may be 
automatically controlled to provide priming fluid over a set time 
thereafter to be discontinued. In the alternative or in addition 
10 another header tank may be provided with an outflow 

controllable at a rate determined by an operator or by prevailing 
conditions within the system. 



[0014] By way of example only, a number of embodiments of a 
15 pumping system according to the invention is described below 

with reference to the accompanying drawings in which: 

[0015] Figure 1 is a diagram of a fluid mover in the form of a pump; 

20 [0016] Figure 2 is a diagram of a first embodiment; 

[0017] Figure 3 is a diagram of a second embodiment; 

[0018] Figure 4 is a diagram of a third embodiment; 

25 

[0019] Figure 5 is a diagram of a fourth embodiment; 



[0020] Figure 6 is a diagram of a fifth embodiment; 



30 



[0021] Figure 7 is a diagram of a sixth embodiment; 
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[0022] Figure 8 is a diagram of a seventh embodiment; and 
[0023] Figure 9 is a diagram of an eighth embodiment. 

5 

[0024] In the drawing of Figure 1 there is shown a pump 2 of the 
kind described in our co-pending International Patent Application 
No PCT/GB2003/004400 in which a nozzle 4 is provided 
circumscribing and opening into a passage 6 having an upstream 

10 inlet 8 and a downstream outlet 10 leading to a discharge pipe 

11, shown in Figure 2. In operation a working fluid is pumped 
through the pump 2 with a transport fluid, for example steam, 
being introduced through the nozzle 4 into the passage 6 to 
generate a Shockwave. The steam condenses and implodes 

15 causing a region of low pressure that enhances flow and 

increases the thrust in the fluid. 



[0025] Referring now to Figure 2 a first embodiment of the system 
of the present invention is illustrated and includes pressure relief 

20 means in the form of a one-way valve 12 in modular form 

upstream of the inlet 8 and in the fluid flow line of the pumping 
system 1. With this valve 12 included in the fluid flow line, part 
of which is shown at 42, during start-up of the system the valve 
is closed thereby preventing the back-flow of the transport fluid 

25 issuing from the nozzle 4 through the passage 6. Once the 

forward flow of transport fluid has been established, the suction 
would actuate the valve 12 and enable full fluid flow through 
pipe 42. Equally upon shut-down, the cessation of transport 
fluid flow would occasion a loss of suction and the valve would 

30 shut thus preventing any backflow along the passage 6 into pipe 

42. 
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[0026] In Figure 3 a second one-way valve 14 in modular form is 
provided downstream of the pump 2 with a pipe section 15 
connected to the outlet of the pump and as part of the fluid flow 
5 line, and may be operable in unison with the valve 12 during the 

start-up procedure of the system 1. In this instance backflow into 
the pump 2 is prevented prior to the establishment of proper flow 
conditions within the system. As the required pumping pressure 
is being attained the valve 14 gradually opens and is fully open 
10 upon establishment of the designed pressure. This valve, as 

with the valve 12, could be used to give a throttling effect and 
thus provides a further control in the flow through the system 1 
in addition to that provided by the transport fluid issuing from 
the nozzle 4. 

15 

[0027] In one mode of operation of the start-up of the pumping 
system of the invention in which the two one-way valves are 
provided, the flow of transport fluid, in this example steam, is 
introduced to the nozzle 4 and its pressure would ensure the 

20 closure of the one-way valve 12 whilst the steam pressure opens 

the other one-way valve 14 to fill the intervening passage and 
pipework with steam. Upon rapidly stopping the steam supply 
flowing through the nozzle 4 the steam condenses within the 
pump 2 and the pipe 15 and in so doing causes a vacuum which 

25 effectively pulls the valve 12 open, thus initiating flow 

therethrough and into the pump. If then the steam supply is re- 
established at this stage the pump would then be primed with 
fluid having some velocity and operation of the pump 2 could 
then proceed in normal manner with the pull in one direction 

30 only from inlet to outlet. 
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[0028] A further possible inclusion in the fluid flow line of the 
pumping system 1 of the invention is a modular header tank 20 
as shown in Figure 4 provided with a ball cock 22 for the supply 
thereto of a priming fluid. The tank 20 has an outlet 
5 controllable by a valve 24 leading to a Tee-piece 26 attachable to 

the inlet or suction side of the pump 2. The purpose of the 
header tank 20 would be to provide a renewable supply of a 
priming fluid during start-up principally or also during the 
operation of the system dependent upon requirements. The fluid 

10 would be induced through the pump and provide an initial 

priming thereof. Once proper flow of the working fluid had been 
established by virtue of the issuance of the transport fluid from 
the nozzle 4, the flow of priming fluid would be discontinued 
unless a bleed of priming fluid into the system proved to be 

15 beneficial. In this event, the valve 24 would be used to control 

the seeding of the working fluid. 

[0029] An alternative form of modular header tank is shown at 30 in 
Figure 5 which in operation is charged with a predetermined 
20 volume of priming fluid and is provided with an automatic shut- 

off that may be in the form of a plug 32. Once the contents of 
the tank 30 have been discharged the plug 32 blocks the outlet 34 
thereof. It is to be understood that any alternative control other 
than the plug may be deployed for this purpose. 

25 

[0030] A fifth embodiment of pumping system according to the 
invention is shown in Figure 6 in which a bleed pipe 40 is 
provided as an element in the pumping system 1 and may 
communicate with a suitable source of priming fluid 
30 diagrammatically shown at 44, the function being to provide 

priming fluid during start-up. The source of the priming fluid 
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may be a distinct reservoir provided for that purpose or may be 
the body of working fluid or may be a convenient local supply of 
fluid. 

5 [0031] A suction pipe 42 is conveniently provided and is attachable 

to the pump 2 as an inlet conduit and as part of the fluid flow 
line. It may in certain applications constitute an inlet nozzle for 
engaging in the fluid material to be transported which may be 
lying on a surface, for example a solid or liquid surface, or 
10 indeed below water level, e.g the sea bed. Essentially the pipe 

is a pick-up for the material to be transported wherever it may be 
lying. 

[0032] A sixth embodiment of the present invention is shown in 
15 Figure 7 and essentially comprises a combination of the second 

embodiment with the third, the fourth or the fifth embodiment 
such that in the event a priming fluid is employed, the one-way 
valve 12 is deployed upstream of the pump 2. The adoption of 
any one of the combinations indicated will be dictated by the 
20 particular requirements of the pumping system and the fluids 

passing therethrough. For example in the event that a header tank 
or bleed pipe is included in the pumping system of the invention, 
it may be convenient to employ a one-way valve between the 
header tank and the pump. During the start-up mode the one-way 
25 valve takes on a dual function in terms of stopping flowback of 

fluid upstream and also for the purpose described in relation to 
the first embodiment. 

[0033] As shown in Figure 8 for start-up the system in a further 
30 arrangement includes a by-pass 46 connected via a valve 48 and a 

Tee-piece 49 into the downstream side of the pump 2. The by- 
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pass 46 may be connected into the upstream side of the pump 2 
via a conduit 45 or may discharge to atmosphere through a 
conduit 47 into a suitable reservoir. The use of this 

arrangement is intended when a large back-pressure or large 
5 inertial losses within the downstream or pressure head side of the 

pump are likely to be encountered, the by-pass providing a time 
delay to enable the pump to generate and establish sufficient 
pressure to overcome the back-pressure or the pressure head 
losses in the downstream pipework. 

10 

[0034] Referring now to Figure 9 there is illustrated a combination 
of the embodiments shown in Figures 4, 5, 6 and 7 to give 
comprehensive start-up capabilities dependent upon the specific 
requirements of the pumping system particularly with regard to 

15 expected parametric conditions and the characteristics of the 

fluid being pumped, be they liquids or liquids with solids. For 
example the valve 14 and the header or the bleed may be used in 
combination with the valve 48 whereby once flow is established 
through the pump 2, the valve 48 may be progressively closed. 

20 Such gradual closure may be controlled to coincide with the 

release of fluid from the header or the bleed, thereby ensuring 
even greater positive priming of the pump. A circuit of this 
character would be used for pumping particularly difficult fluids 
or fluids/solids mixtures or in a system in which high 

25 downstream pressure is likely to be encountered 

[0035] All the features of the pumping system of the present 
invention are of modular form and may be included or withdrawn 
dependent upon the prevailing conditions with regard inter alia 
30 to the properties of the working fluid. Accordingly the system 

of the invention may include a combination of one or more of the 
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elements described together with the one-way valve 12 upstream 
of the pump 2 to facilitate start-up as shown in Figure 9. 
Different fluid circuits and modes of operation will be adopted to 
match requirements. 

5 

[0036] It will be understood that the priming fluid may be of any 
suitable type and may be the working fluid or a fluid drawn from 
an extraneous source. 



10 
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CLAIMS 

5 1. A pumping system comprising a fluid flow line characterised 

by the inclusion of a pump having a hollow body provided with 
a straight-through passage of substantially constant cross 
section, an inlet at one end of the passage and an outlet at the 
other end of the passage for the entry and discharge 

10 respectively of a working fluid, a nozzle substantially 

circumscribing and opening into said passage intermediate the 
inlet and the outlet ends thereof, an inlet communicating with 
the nozzle for the introduction of a condensable transport fluid, 
a mixing chamber being formed within the passage downstream 

15 of the nozzle, the nozzle being so disposed and configured that 

in use a supersonic shock wave is created within the mixing 
chamber by the introduction of the transport fluid, and pressure 
relief means associated with the fluid flow line actuable for the 
purpose of system start-up whereby pressure is modulated to 

20 provide the desired pressure gradient across the pump. 

2. A pumping system according to Claim 1 characterised in that 
the pressure relief means is provided to reduce the pressure 
head in the fluid flow line when in use operating on negative 

25 upstream pressure, positive downstream pressure or equalised 

pressure. 

3. A pumping system according to Claim 1 or 2 characterised in 
that the pressure relief means is in the form of a uni- 

30 directional valve disposed in the fluid flow line upstream of the 

inlet to the passage of the pump. 
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4. A pumping system according to any one of the preceding 
claims characterised in that a further pressure relief means is 
located downstream of the nozzle. 

5. A pumping system according to Claim 4 characterised in that 
the further pressure relief means is in the form of a uni- 
directional valve. 

6. A pumping system according to Claim 1 characterised in that 
the pressure relief means is in the form of a controllable by- 
pass for the fluid flow line arranged as between downstream 
and upstream sides of the pump. 

7. A pumping system according to Claim 1 characterised in that 
the pressure relief means is in the form of a bleed provided for 
a priming fluid to prime the pump. 

8. A pumping system according to Claim 1 characterised in that 
the pressure relief means is constituted by a header tank 
provided in association with the fluid flow line upstream of the 
pump for the provision of priming fluid to the pump. 

9. A pumping system according to Claim 8 characterised in that 
the header tank is provided with a controllable discharge 
means. 

10. A pumping system according to Claim 1 characterised in that 
the pressure relief means comprises a combination of a 
unidirectional valve disposed in the fluid flow line upstream of 
the inlet to the passage of the pump, a bleed provided for a 
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priming fluid to prime the pump or a header tank provided in 
association with the fluid flow line upstream of the pump for 
the provision of priming fluid to the pump. 

5 11. A method of start-up for a pumping system as claimed in any 

one of the preceding claims characterised by the steps of 
introducing transport fluid to the nozzle to effect energy 
transfer to the working fluid, actuating the pressure relief 
means to reduce pressure across the pump thereby to facilitate 
10 start-up by modulating the pressure prevailing within the fluid 

flow line whereby flow of the working fluid is induced through 
the passage of the pump, and deactivating the pressure relief 
means upon attainment of a desired pressure gradient across 
the pump. 

15 

12. A method according to Claim 11 when dependent on Claim 2 
or 3 characterised in that the pressure relief means is adapted 
to prevent back-flow within the fluid flow line during start-up. 

20 13. A method according to Claim 11 when dependent upon Claim 

4 characterised in that the supply of transport fluid is initiated 
and the further pressure relief means is adapted to open upon 
the initial injection of the transport fluid, the supply of 
transport fluid is stopped to promote condensation of the 

25 transport fluid during start-up thereby to generate a vacuum to 

induce fluid flow through the first mentioned pressure relief 
means. 



30 



14. A method according to Claim 11 when dependent upon Claim 
6 characterised in that working fluid is by-passed to 
compensate for back-pressure or inertial losses. 
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15. A method according to Claim 11 when dependent on Claim 6 
characterised in that working fluid and transport fluid are by- 
passed to compensate for back-pressure or inertial losses. 

5 

16. A method according to Claim 11 when dependent on Claim 10 
characterised in that working fluid and/or transport fluid 
and/or priming fluid are by-passed to compensate for back- 
pressure or inertial losses. 

10 

17. A method according to Claim 14 characterised in that the by- 
passed fluid is exhausted to atmosphere or recirculated into the 
fluid flow line upstream of the pump. 



15 18. A method according to Claim 11 when dependent on Claim 7 

characterised in that a priming fluid is introduced through the 
bleed for priming the pump during start-up. 

19. A method according to Claim 18 characterised in that the 
20 introduction of the priming fluid is continuous or intermittent. 

20. A method according to Claim 18 or 19 characterised in that 
the priming fluid is a diluent. 

25 21. A method according to Claim 18 or 19 characterised in that 

the priming fluid is a dispersant. 



30 



22. A method according to Claim 18 or 19 characterised in that 
the priming fluid is the same type of fluid as the working fluid. 
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23. A method according to Claim 22 characterised in that the 
priming fluid is water. 

24. A method according to any one of Claims 11 to 23 
5 characterised in that the transport fluid is a condensable fluid. 

25. A method according to Claim 24 characterised in that the 
condensable fluid is steam. 

10 26. A method according to any one of the preceding Claims 11 to 

25 characterised in that the working fluid is a liquid or a 
mixture or liquids and solids. 
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